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New glass ceramics are taken according to the recipe - fly ash, feni slag and glas waste

Abstract
In this study we will present the data from the preliminary preparation of the mixture - the recipe for fly
ash which is released from the burning of lignite, ferronickel slag and glass waste as well as the results from
the validation of the validity of these constituents according to the previously designed reports. Glassceramics are polycrystalline materials produced through the so-called "controlled crystallization process"
and share many features between ceramics and glass. It consists of an amorphous phase and one or more
glass phases. The whole process of producing these materials passes through the "glass crystallization
control", and thus, through this phase of the process, by adjusting the ratios between the constituent
components, not only can the majority of the features be kept under control of pottery but the process may
result in a new product with advanced engineering features.
Among the many pre-mix solutions-recipe with 20% old glass waste, 30% fly ash from Kosovo lignite
burning, and 50% electric furnace slag for ferronickel production in Drenas resulted in a pottery a new glass
that is distinguished by its brilliant physical-mechanical characteristics. From all chemical, physical and
mechanical properties considerations, this type of ceramic-glass is primarily dependent on the composition
of the mixing components and their ratio in the mix and their deterrence is the ratio between SiO 2, CaO,
MgO and Al2O3 active. This ratio, the concentration of the various additional elements and other
technological interventions are the determinants of crystalline construction, as well as the key performance
indicators of the product, which can be classified into: porous material, porosity, high viscosity, invisibility
or invisibility, pigmentation, opulence, uniformly low thermal expansion, high thermal stability,
fluorescence, ferromagnetism, biomechanical compatibility, insulating ability, high resistance, etc.
The key objectives of this study program are; promotion of the possibility of using these residues as a
valuable substance for the production of new glass ceramics, the design of appropriate compartments
according to standard design methods, quality evaluation and confirmation, and the identification of
indicators that enable the technical performance control of products.
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1. INTRODUCTION

The huge volume of industrial waste, their potential environmental impacts and the irrational use of resources
and energy, has prompted many science researchers to design programs for transforming them from valuable resources
to industry. Resilient and environmentally responsible industries have made for their goal the exploitation of all
intermediate products in order to minimize disposal of waste at landfills. Worldwide practices of using metallurgical
slag, flying ash from coal burning during power generation, waste from the production of parcels, as well as other
inorganic wastes give us sufficient recognition and reference to extend the use of these types of waste even in Kosovo.
The exploration of industrial waste utilization opportunities in the construction industry is a new area in Kosovo and
at present mainly based on laboratory tests.
Recent study data regarding the use of ferronickel slag produced by melting of nickel ore in the Kavadarci gravel and
fluturus ash free from Osllom coal burning may be highly compatible with designing a production recipe of new
ceramic pots, which for basic material would have; the dung produced by the Drenas oxide-silicate ore melting
process, the flying ash free from coal burning during power generation in Kosovo A and B, as well as the remaining
glass residues. Practices from the use of Ferronikel waxes obtained from laterite jade in the Falcondo blast furnace in
Bonao and data from the reports of various associations and programs dealing with the research of chemical properties,
the evaluation of the fulfillment of mechanical, physical, and non-compliance requirements ("SAMARIS", NAS, FeNi-Drenas laboratory, AHN Group-Prishtina, etc.) estimate that the slurry from the melting process in furnace, electric
furnaces and metallurgical aggregates is not meets all the qualitative and technical criteria to be used as; aggregates
for different industry applications, but they can also serve as corrective materials when obtaining or improving one's
own properties from specific products [5].
The main determinant of the relationships between the components, during the preliminary preparation process of the
mix; the slag of Fe-Ni, fly ash free from lignite burning and waste of used glass are: the relationship between physical,
chemical and mineralogical properties and the possibilities of correcting harmful conductors that would stimulate any
negative properties in ceramics the level of compatibility of the physical-mechanical properties of compound
formulations, mixing method and other product formation processes.
The key objectives of this study program are; promotion of the possibility of using these residues as a valuable
substance for the production of new glass ceramics, the design of an adequate recipe and the identification of indicators
that enable the technical performance control of products.

2. GENERAL CONCEPTS
Generally, ceramics are made of metal and non-metallic elements: so ceramics are oxides, nitride and
carbide. A wide range of materials included within this classification include ceramics consisting of clay
materials, cement and glass [1]. Based on this definition the physical and chemical properties of the
ceramic-glassy depend in the first place on the dependence on the composition of the mixing components
and their mix ratio, which may vary widely. Many ceramics are included in the use-classification scheme
that includes groups such as glassware, clay structural products, white ceramics, refractors (refractories),
abrasives, cement and advanced ceramics [1].
Glass ceramics share many features between ceramics and glass, consists of an amorphous phase
and one or more glass phases. These are polycrystalline materials produced through the so-called
"controlled process of crystallization" in contrast to a spontaneous crystallization process in glass

production. The whole process of producing these materials passes through the so-called "glass
crystallization control". Therefore, I have chosen the best of the relationship between the components of
the basal cell; preliminary mixing-recipe mixing and process-based management are considered as a crucial
part of the design solution. The process control, which includes: the recipe, processing methods, heat
treatment stages, blending of mixing components, cooling, time intervals of nuclear cell formation and
crystallization are determinants of physico-mechanical properties and generally key indicators technical
ceramic-glass performance. Placing in proportional proportions of these mixing compositions depends on
the quality of the mixing compounds, regulating agents and treatment methods.
The slag is a molten mineral that represents a very complex oxide system. The electric furnace slag
for the production of ferronickel in the Drenas Foundry based on the concentration of SiO 2 and MgO is
classified into high acidity slag [5]. SiO2 - is the most important oxide of acidic slag and is said to be in
every dense, where depending on its concentration it can be acidic or basic. In most cases, the metallurgical
slime dominates the digestion of silica dioxide with basic oxides, thus appearing mainly in the form of
silicates which determine the so-called siliconization scale. The degree of siliconization is defined as the
ratio between the oxygen atoms formed in the form of SiO2 and the number of oxygen atoms present in the
base oxide [3].
SiO2 represents the major component of ferronickel bundle which, by joining oxides (CaO, FeO,
MgO, MnO, etc.), will form: systems: MgO.SiO2, 2CaOFeSiO2, MgO-FeO-SiO2, etc. which appeared in
mineralogical composition of gelenite, ocancite, dicalcium silicate and other minerals.
As can be seen in Table 1, CaO, MgO and FeO are the main determinants of chemical, mineralogical and
other properties of slag [4].

Table 1. The average slag chemical composition of the electric furnace for Fe-Ni production in Drenas
Composite
MgO
SiO2
CaO
Cr2O3
MnO Fe(tot.)
Co
Ni
Elements
K-1
9.34
58.51
9.72
1.25
0.404 13.77
0.016
0.094
K-2
9.11
55.26
8.63
1.36
0.44
16.2
0.02
0.09
K-3
8.15
60.87
12.7
0.91
0.35
11.28
0.02
0.11
K-4
7.94
62.66
11
1
11.86
0.01
0.08
K-5
7.59
58.78
10.7
1.28
0.39
13.24
0.01
0.08
K-6
9.23
61.46
9.94
1.42
0.44
12.76
0.02
0.08
Considered by the fact that this group of slag is of high acidity and that CaO, MgO and FeO are the
main determinants of mineralogical construction, then the estimation of the qualities of fly ash is also
important before we deter the ratios between the components of mix-recipe.
The flying ash freed from lignite slag during the production of electricity in Kosovo power stations,
represents the particles caught by electrostatic (ESP) filters from the exhaust fumes. During the thermal
discharge process, the lignite mineral fractions are melted at the furnace temperature in case of ash and dust
application when a small amount (10-20%) falls to the bottom of the furnace, producing the so-called ending
solution [7]. The flying ash is a polluted powder (meaning dust with diameters between 1-100 μm) and is

characterized by the presence of high content of silicon, calcium oxide, aluminum and iron oxide and lower
carbon content unburned [3].
Judged by chemical composition research, compounds such as CaO and SiO2 predominate on ash
and slag precipitation. The average ratio between these two components in ash is from 1: 1 to 1.4: 1. CaO's
share varies from 28 to 39%, while SiO2 ranges from 27 to 33%. SiO2 and CaO are the dominant
components even in the chemical bonds of the slime, except that the ratio is approximately 4: 1. SiO2
turnout varies from 57 to 64%, while CaO is 11-17%. Participation of other components from silica ash
analysis is dependent on the active (free) CaO in the ash, which varies from 7 to 9%, while in the range of
1.7 to 2.2% [8 ]. The high presence of active CaO in the composition of fly ash is very important variables
during the process of interaction of acid and base oxides, thus favoring a very complex mineralogical
construction, which would favor the formation of milky phases during the calcination process and especially
during the crystallization process.
The production of glass-ceramics in most cases passes through two stages; producing the glass
under low cooling and then re-roasting in the second stage. Addition of different agents and other
technological interventions are the determinants of crystalline construction and product yield which can be
ranked in: porous material, high durability, translucency or invisibility, pigmentation, opulence, thermal
expansion equally low, high thermal stability, fluorescence, ferromagnetism, biomechanical compatibility,
insulating ability, high resistance, etc. Judged by the results of the physical-mechanical testing of ceramic
pots, in addition to the quality (properties and composition) of mixing compounds, detriment of product
quality, production costs, degree of applicability and environmental adaptability is also the exact definition
of the salient reports; soaring flying; glass remnants.

3. EXPERIMENTAL PROCEDURES
The production of glass-ceramic from the slag of "Fe-Ni-Drenas", the flying ash obtained from the
lignite burning in "TC Kosova A & B" and the glass waste used after the felling, dampening process will
follow a fairly a baking and calcination complex that will be under strict control of all variables and
truncated phases.
Effective management of studies is conditional on; the quality of the materials, the determination
of the relationship between the mixing components in the prepared recipe, the processing methods, the
chemical, mechanical and product resistance requirements and the environmental suitability. For the
purposes of this study, we have obtained three different types of material with the participation of
components designed in advance in accordance with the technical requirements of the product.
Table 2. Design of preliminary mix - PP1
Preliminary mixing –P2
Material
Participation. in the mix.
[%(m/m)
The Slag from "Ferronikeli" / Drenas
30
Flying Ash from "TCKosova A & B"
50
Kastriot
Window glass
10
Bottled glass
10
3
Densiteti i pas homogjenizimit PP [g/cm ] 2.9 - 3.2
Table 3. Design of preliminary mix – PP2

Density [g/cm3]
2.820
2.400
2.30
2.35

Preliminary mixing -PP1
Material
Participation. in the mix.
[%(m/m)
The Slag from "Ferronikeli" / Drenas
50
Flying Ash from "TCKosova A & B"
30
Kastriot
Window glass
10
Bottled glass
10
3
Density after homogenization PP [g/cm ] 2.9 - 3.2
Table 4. Design of preliminary mix – PP3
Preliminary mixing -PP1
Material
Participation. in the mix.
[%(m/m)
The Slag from "Ferronikeli" / Drenas
30
Flying Ash from "TCKosova A & B"
30
Kastriot
Window glass
20
Bottled glass
10
3
Density after homogenization PP [g/cm ] 2.9 - 3.2

Density [g/cm3]
2.820
2.400

Density [g/cm3]
2.820
2.400
2.378
2.30

The blending of the mixing material was carried out in a one-shot compression grinder ("planetarium" -150
MPa) over 60 minutes, achieving granulometric granular construction of particle size of 38 μm. The suction
mixture for the mixing of the flying ash develops a room oven under the stream of atmospheric air, with
heating installments of 10 ° C / min, at intervals of 900-1150 ° C. While for slag blending at the temperature
range of 1100-1350 ° C. Isoterrinal treatment has been developed in two steps (fig. 1) at temperature: 30;
60; 120 and 140 min.

Figure 1. Isometric treatment of two scaling steps
Variable and quite significant and absolutely critical to the properties of ceramic-glass is the speed and
degree of crystallization. Glass ceramics are produced through the glassy base crystallization control.
According to many glass authors, it is considered as a metastable melted coolant which due to the high
speed of cooling and the low rate of crystallization have failed to crystallize and in which some atoms and
molecules of the system tend to continuously crystallize on full. Depending on these relationships the

crystallization process can be brought up to 35% (m / m) to 90% (m / m). Based on this fact, the most
important part of the entire production cycle is keeping under control the crystallization process, which is
facilitated by the addition of agents that direct the formation of nuclear cells and the regulation of the
relationship between the creation of nuclear cells to the growth of crystals and temperature fig.2.

The physico-mechanical properties of glass ceramics produced by these industrial residues depend on the
control possibilities of the crystallization process, the hot-spot conditions and the temperature ratios: the
prolongation of the baking-crystallization process. The product would be called rentable if crystallization
is achieved over 90% (m / m) and crystalline nucleus (about 1015ml) in all voluminous proportions. To
achieve these technical parameters, besides the need to pursue a control regime for all phases of the process,
it is necessary from time to time to add agents that stimulate the formation of nuclear cells. In the production
of low-porosity ceramic pottery, the stability coefficient is set over the nucleation and crystallization of the
nucleus growth rate at the cooling speed. While high potassium-ceramic production is possible with the use
of polyether foam (polymer) or SiC as an agent. Porosity in this case also depends on the type of material
used in the mix, e.g. to fly ash mixtures the dust concentration is up to 70 ± 5%, while the porous blendbased mixture reaches up to 65 ± 5%. Adding glass to the two blends increases the dendriticity while
decreasing the porosity considerably.
Lignite burning flying ash and ferronickel impurities contain considerably hazardous elements, such as
heavy metals, organic components, and so on. and for this reason, the treatment of high-residue mixture
residues under high temperatures (above 1300oC) allows the production of relatively inert product; heavy
metals can be completely incorporated into the product matrix or separated from waste through various
evaporation/exhaustion or precipitations. These temperatures involve the destruction of organic
components. The fixation of hazardous compounds at the molecular level of the silicate phase and the
product matrix as well as their low level of traceability make it non-toxic and environmentally friendly.

4. DISCUSSION OF RESULTS
Results from the research of the chemical composition of materials from industrial and glass wastes are
given in Table 5

Tab. 5 Chemical analysis of fly ash, ash and glass residues
Mu
ash
Slag of
Slag of
ash
Fe-Ni
CaO
%
28.3-39.96 9.9
9.7-12.7
SiO2
%
27.6-33.12 45.6
55.3-62.7
Al2O3
%
5.1-10.50
10.4
Fe2O3
%
6.03-8.42
5.2
MgO
%
3.37-4.02
4.9
7.6-9.34
SO3
%
11.0-12.89 5.1
MnO
%
0.14-0.32
1.0
0.45-0.40
K2O
%
0.45-1.01
Na2O
%
1.06-1.72
CaO aktiv
%
4.95-9.42
Fe(total)
11.3-16.2
Losses during the
18.2
reaction:
MnO+K2O+ Na2O

Bottled
glass

Window
glass

69-72
1.6-1.8
0.3-5
0.6-0.8

70-73
1.3-1.5
0.5-07
0.4-06

0.2-0.4
14-15

0.3-.5
15-16

The chemical composition of industrial waste is characterized as a single system with high SiO2, Al2O3 and
Fe2O3 content and silicate system properties. In accordance with XRD, flying ash contains small
concentrations of crystalline phase, such as quartz, mill, hematite and amorphous phase. While Ferronikel's
discoloration shows the presence of minerals; (SiO2) and β-SiO2 with singlonetragonals), Metasilicate:
Pyroxene-β-SiO2 (SiO4) Si8O20] 8-∞, Vollastonite - [Si4O10], Ferromagnesium Fe (MgCO3), Quartz (α and
β-SiO2). Table 6 shows the results from the granulometric analysis of the materials [5].

Tab.6 Granulometric analysis of flying ash, bramble and glass residues
Particle Granulation
Flying ash
The slag of ash Granulated slag
mm(v/v)
Fe-Ni
6–5
0
5–4
2.8
4–3
6.5
3–2
20.1
2–1
45.1
0
1 – 0.589
0
63.7
8.3
0.589 – 0.417
2.16
73.7
15.7
0.417 – 0.295
3.36
87.5
32.9
0.295 – 0.208
5.99
89.66
48.7
0.208 – 0.147
10.11
92.38
67.5
0.147– 0.104
24.05
94.78
72.3
0.104– 0.074
24.89
96.72
79.7
0.074– 0.052
31.00
99.68
89.3
0.052– 0.037
31.62
100

Waste glass bottles
100
79.3
59.3
5.4
0

The results from the research of thermal characteristics are given in Table 7.
Table 7. Results from the research of thermal characteristics of industrial waste
Diameter [mm]
Expression of
Softening
Melting temperature 0C
0
0
contravention C
temperature C
Flying Ash from "TC A & 1140
1300
1340
B"
Slag e FeNi/Drenas
1260
1370
1390
Window glass
650
850
950
Bottled glass
650
850
960
Data from the study of the suction layer of fly ash and compressed slurry show that flying ash reaches the
highest relative density of 71 ± 1% after the sintering process in the temp. 1050 0C / 2h. While the rust
reaches the highest relative density of 81 ± 1% at 1150 ° C / 2h. The sintering process at higher temperatures
than those mentioned above shows side effects such as blur and degradation [3].
The pottery-glass properties for the proper designs of the sintering regiments and the mixture-mixing
butterfly-glass compass preselected in installation temp temp. 900-1150 0C / h, and that slim-glass
compartment in the temperature-controlled installation. 900-1350 0C / h, has demonstrated quite advanced
values and generally crystalline stability and thermal equilibrium of the system as given in Table 8.
Tab.8. Pottery-glass properties for optimal compositions depending on the synthesis regimes
Compositions Temp. of
ρrel.
Emoduli α-hardness in
Thermal and expansive
sinter.[0C/h] dendsit.[g/cm3] [GPa]
fragility [MPa] coef. [10-6 0C]
PP1
1050/2h
2.79
87±3
80±4
7.6
PP2
1150/2h
2.82
96±3
102±3
6.3
Sintered glass
650
2.74
85±4
88±9
6.0
ceramics
PP1
650
2.80
5.8
PP2
650
2.83
6.7
According to [1,2,6] following the sintering of the mixture of flying-glass ash, crystalline products with
improved mechanical properties have been obtained. The dense-flake-glassy blend mix has shown
excellent crystal properties, a favored terrifying coefficient of expanse and fragility.

5. CONCLUSIONS
●

Glass ceramics produced by flying ash or ferronickel slag are materials with excellent physicalmechanical properties and eco-friendly.

●

Increasing the 20% of the glass waste in the flying ash will increase the hardness to breaks up to
80 Mpa, E-module up to 87 Gpa and thermal coefficient up to 7.6 [10-6 0C].

●

The addition of 20% of the slim glass will increase the strength of 102 Mpa and E-module up to
96 GPa, and the tertiary coefficient up to 6.3 10-6 0C.

●

All the physical-mechanical parameters in all the thematic and compositional regimes have
shown performance in the best of technical quality than the traditional sintered glass ceramics.

●

Control of the crystallization process is the main feature of the control, E-module, breakage
strength and system densities, because the technical performance of the products depends on the
extent to which the crystallization is achieved, ie the ratio between participating minerals of the
sisters; (Mg, Fe) [SiO4, Ferromagnesium-Fe (MgCO3), and Quartz- (α and β-SiO2), FeMgTi4O10,
Diopside Ca (Mg, Al).

●

The chemical and physical properties of the material make it suitable for a wide range of
applications in the construction industry.

●

The system formed by bumps and 20% glass, due to the high chemical stability, it can be a
potential diffuser material in the gasification process.

●

The use of these waste for the production of ceramic tiles, besides guaranteeing good mechanical
and mechanical properties, such projects would serve to revitalize these waste and stimulate the
development of other recycling programs.
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